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(54) Procedure for radio synchronization of time shared systems 



(57) The invention relates to a procedure for radio 
synchronization of time shared systems, especially 
DECT, including at least two in other respects independ- 
ent systems with each at least one fixed control unit and 
respective portable units. According to the invention a 
first system establishes itself as master system, where- 
as the other systems start as slave systems and via ra- 
dio listen in to the master system and synchronize them- 
selves with this. The synchronization can be repeated 
periodically, with fixed time interval or a time interval 
which can be adjusted adaptively. The invention solves 
the problem of achieving synchronization between inde- 
pendent time shared wireless telecommunications sys- 
tems in a way that they become locally synchronized 
with each other. The local synchronization can increase 
the capacity with up to 60%. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to a procedure for ra- 
dio synchronization of time shared systems, especially 
DECT (Digital European Cordless Telecommunica- 
tions). This is a wholly time-shared system with time- 
sharing in both access (TDMA = Time Divisional Multiple 
Access) and duplex (TDD = Time Division Duplex). For 
a more complete description of DECT, see DECT Inter- 
face (ETS 300 175). DECT is by that to a great extent 
depending on time precision, which has resulted in that 
strong efforts have been devoted to the study and. han- 
dling of, for instance, time dispersion and time delay. 

Also the capacity in DECT becomes depending on 
the time precision, both internally within a system and 
externally in contact with other DECT-systems. The ca- 
pacity is to a great extent depending on synchronization, 
also that synchronization which exists between two or 
more geographically nearby situated DECT-systems. 
The capacity calculations which have been made show 
that with systems which are not synchronized with each 
other the capacity can decrease with up to 50% of the 
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selves with other stations in the system. The in this way 
established synchronization is maintained by means of 
communication lines, i.e. fixed communication lines. 
The wireless synchronization is also possible between 
different wireless systems. 

U.S. 5 285 443 describes a method and a device to 
synchronize TDD-systems. According to the method a 
time signal is transmitted wirelessly, at which* for in- 
stance a base station can extract this to obtain synchro- 
nization with the signal. The synchronization signal is 
transmitted from a base station which is called master 
and is received by the other slave stations in the cover- 
age area of the master. . 

EP 414 409 relates to synchronization of wireless 
telephone systems which utilize "burst mode duplex". 
Synchronization is maintained by the base stations be- 
ing equipped with means for listening in to the commu- 
nication on other base stations and calculate the relative 
phase between the time slots. 

WO 94/1 8764 relates to a communications system 
consisting of a number of base units and portable units. 
The system utilizes TDD. The base stations have pos- 
sibility to synchronize Jhe transmission between them- 
selves by one of the base stations being appointed as 



maximally possible. 

Synchronization of in other respects independent 
DECT-systems can by that considerably increase the 
common local capacity. 

PRIOR ART 

In the specification of DECT it is indicated that it is 
possible to via cable synchronize nearby situated fixed 
units in DECT-systems if these are equipped with a so 
called synchronization port. Synchronization via cable, 
which might have been regarded as the most natural, 
must be regarded as highly unrealistic to perform gen- 
erally, since it implies extra cabling, which furthermore 
in public applications should need to be performed be- 
tween competing operators. This method for synchroni- 
zation via cable also has technical disadvantages, for 
instance is the propagation time delay highly noticeable, 
which requires extra high demands on how the cabling 
• is performed. Further, compensation in the units for this 
propagation time is required. Synchronization via cable 
can be said to give global synchronization, which does 
not guarantee local synchronization. 

Within the patent literature a number of documents 
which describes different methods to solve similar prob- 
lems are published: 

EP 626 796 shows a wireless communications 
system which consists of a number of cells or base sta- 
tions. The invention relates to a method to synchronize 
the base stations with each other. The synchronization 
is performed in such a way that a base station transmits 
synchronization information with which a neighbour sta- 
tion can synchronize. These stations establish a master/ 
slave relationship and proceed synchronizing them- 
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master. This base station transmits a signal which is 
used by the other base stations to synchronize with the 
master unit. The mentioned synchronization signal is 
transmitted from the master via radio and is extracted 
from a signal which is distributed via wire. 

EP 592 209 describes a method to establish syn- 
chronization between base stations in a mobile radio 
system. The base stations are autonomous as far as 
they are not dependent of external control to establish 
mentioned synchronization. 

WO 94/10768 relates to an arrangement to obtain 
synchronization in a mobile telecommunications sys- 
tem. The arrangement includes a central cordination 
unit to transmit synchronization information to the base 
stations. 

U.S. 4 1 35 059 describes a TDMA-system which 
allows communication between two different groups by 
maintaining synchronization between the groups. 

U.S. 5 363 376 relates to a method and a device for 
synchronization in a wireless communications system. 

The technical problem which the invention intends 
to solve is to achieve synchronization between inde- 
pendent time shared wireless telecommunications sys- 
tems in such a way that they will become locally syn- 
chronized with each other, and this preferably without 
breaking against or requiring extensive changes in ex- 
istent systems. 

CONCLUSION OF THE INVENTION 

The invention solves the problems above by provid- 
ing a procedure for radio synchronization of time shared 
wireless telecommuncations systems which includes at 
least two in other respects independent systems with 
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each at least one fixed control unit and respective port- 
able units. 

According to the invention a first system will estab- 
lish itself as a master system, whereas the other sys- 
tems start as slave systems and via radio listen in to the 
master system and synchronize themselves with the 
master system. 

Preferably slave systems listen in to the master sys- 
tem during a certain period of time, for instance corre- 
sponding to i 00 time frames. 

The synchronization further can be repeated peri- 
odically, with fixed time interval or after a time interval 
which can be adjusted adaptively. 

The invention is described in more details in the en- 
closed patent claims. 

SHORT DESCRIPTIONS OF THE DRAWINGS * 

The invention will now be described in details with 
reference to the enclosed drawings, of which 

- 

' ' ' ' * 

Figure 1 is a flow chart over the method according 
to the invention, and 

Figure? illustrates the time structure in DECT. 
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ingly, in most cases quite unnoticeable. 

. There is an extremely small risk that the synchro- 
nized systems at that should be set in slave position at 
the same time, at which the synchronization of the sys- 
tems might start self-oscillating. This risk can be further 
reduced by the point of time for ^synchronization is 
based on the time when the system was. started. 

. Another alternative should be to mark slave position 
by transmission of a certain pattern in DECT'S time-fre- 
quency slot pattern. 

The time between the recurrent synchronizations 
can be an adjustable parameter, or even be adjusted 
adaptively in a way that makes the systems better and 
better synchronized with each other by the time; 

The synchronization method, according to the in- 
vention is shown in Figure 1 . The fixed unit FP which 
shall be synchronized listens during a certain time in to 
nearby situated fixed FP- and portable PP-units. The 
signal strength from the FPs and PPs listen in to are 
measured according to DECT Common Interface (ETS 
-300 175, part 2, §8.3). The units listened in to are com- 
pared and listed in order by signal strength (according 
to procedure for PP in ETS300 175, part 2, §9.2). Only 
those which have the strongest signal strenght shall be 
used, as it is w ittrthese it is mos t i mpo rt an t t o be syn- 
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. The invention is based on independent DEQT-sys- 
tems being synchronized via radio, i.e. a system listens 
in to the radio communication of another system (or 
parts of it) and synchronize its own clock with that of the - 
system listened in to. 

A DECT-system includes a fixed control unit FP 
(Fixed Part) and portable units PP (Portable Parts). The 
FP in the DECT-system which is first establised within . 35 
a local area will here operate as master. The other near- 
by situated DECT-systems shall be synchronized with 
this. The master/slave relationship is quite simply decid- 
ed by all units initially (at swithing on, or start of the sys- 
tem) taking "slave"-positibn, (i.e. scan the neighbour- 
hood for other, synchronized systems). After the system 
has become synchronized with another system, the sys- 
tem can take on a master role. In this way all systems 
become equal! resulting in that no special production or 
manufacturing of master systems is needed. 

The systems also can get an automatic "classifica- 
tion" making the first established system on a geograph- 
ical place masterfor all new introduced systems; making 
only these latter resynchronizing (see below). 

The synchronization procedure also can be recur- 
rently performed, if so desired periodically, in a way that 
the systems do not get out of synchronization with each 
other. This can be performed at a point of time when 
there is no traffic in the system, or there has not been 
any during a certain period of time, when the system can 
be reset to slave position. The synchronization proce- 
dure itself will take fractions of a second, and is compar- 
atively seldom occurreht; the traffic reduction is, accord- 
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chronized. Whether signal listened in to comes from a 
nearby situated PP or FP can be gathered from the sync 
bits (the sync bits from a PP are inverted compared with 
those of the FP). In the case when the highest signal 
strenght is obtained from a PP, it is checked that this on 
this occasion is synchronized with any other FP (i.e. is 
in state Idle-locked or Active-locked to another FP, see 
ETS300 175, part 3, §4.3.1): Only when that is the case 
this can be used as a reference. 

Listening can be performed during a comparatively 
long time, as most 1 s, which corresponds to 100 time 
frames in DECT. Normally synchronization is expected 
to be performed within less than 10 time frames. A port- 
able is expected to move with a speed of about 1 ,5 m/ 
s, which corresponds to normal walking speed. Even if 
a portable listened in to is moving away from the FP, it 
consequently will not have time to move out of the cov- 
erage area of the FP before the listening and the com- 
parison of nearby situated units are finjshed. 

The deviation of the synchronization is determined 
between the reference which has been selected and the 
internal clock in the FP which shall be synchronized. Its 
. reference time is adjusted according to the procedure 
which is described in the standard DECT Common In- 
terface (ETS 300 1 75, part 2, §8.5), where the synchro- 
nization between an FPanda PP is described), by which 
the synchronization is performed. 

In all synchronization it is necessary to have access 
to a clock of sufficiently high accuracy for the purpose. 
There are a number of diff erent methods to extract some 
type of clock. 

The natural choice is to make use of the in the FP. 
built-in clock (the frequency oscillator). According to 
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DECT Common Interface (ETS 300 175, part 2, §4.2.2) 
each FP and PP shall be equipped with internal clock. 
The accuracy and stability requirement is for the clock 
of the FP 1 0 ppm, and for that of the PP 25 ppm. 

Even if the built-in clock should not be directly ac- 
cessible it is however possible to make use of the built- 
in time.structure in DECT. In Figure 2 is shown the con- 
tent of a DECT time slot. Each frame contains 24 time 
slots. It is evident that such a slot contains 480 bits, 
which with the frame time of DECT (10 ms) gives 1 bit/ 
1 us. Consequently 1 u.s is easily extractable from the 
time cycle of the DECT. It is in the nature of things that 
it is sufficient with this accuracy (1 bit) since it at the 
same time is the smallest unit by which synchronization 
can be performed.. 

The access of external clock pulses can be said to 
constitute a third method. Such clock pulses are acces- 
sible from many of the digital systems to which DECT- 
systems can be connected (PCM, ISDN, digital PABX 
etc). 

DECT-systems with digital interface can use the 
digital frequency normal as the carrying part in the syn- 
chronization itself, making the adjustment performed by- 
the use of this frequency normal. In this connection it 



tive portable units, characterized in that a first sys- 
tem establishes itself as master system, whereas 
the other systems start as slave systems, listen via 
radio in to the master system och synchronize 
5 themselves with the master system. 

2. Procedure according to claim 1 , 
characterized in that slave systems listen in to the 
master system during a certain period of time, for 

10 instance corresponding to 100 time frames. 

3. Procedure according to claim 1 or 2, 
characterized in that the synchronization is repeat- 
ed periodically. 

is 

4. Procedure according to claim 1 or 2, 
characterized in that the synchronization is repeat- 
ed with a time interval which is repeated adaptively. 

20 5. Procedure according to claim 1-2, 

characterized in that a slave system is set in mas- 
ter position after it has been synchronized. 

6. Procedure according to claim 3 or 4, 



can be important to point out that direct synchronization 
with this frequency normal does not guarantee local syn- 
chronization, or synchronization with for instance 
DECT-system with analog interface. . 

The present invention consequently provides a 
method for radio synchronization of time-shared sys- 
tems, especially DECT-systems, with a number of ad- 
vantageous qualities: 

The synchronization is wholly radio based. The syn- 
chronization also can be performed in relation to mobile 
units, i.e. portables. Local synchronization can be ob- 
tained between independent systems, which can in- 
crease the capacaity by up to 60% according to simula- 
tions. The method can be introduced in existing systems 
without larger costs or problems and never results in re- 
duced performance. Equipment which utilizes the syn- 
chronization method according to the invention works 
together with equipment which is lacking this function. 
Synchronization furthermore can be performed in rela- 
tion to equipment which is lacking the function here de- 
scribed. 

The method according to the invention can be uti- 
lized within all the applications fields of DECT, accord- 
ingly company, public, private and local networks. The 
invention is only restricted by the following patent 
claims. 



25 characterized in that the systems are classified in 
such a way that the system which is first established 
becomes master system for all new, added sys- 
tems, at which the synchronization is repeated only 
for the new, added systems. 
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7. Procedure according to any of the previous 
claims, characterized in that the fixed control unit 
of the slave system listens in to nearby situated 
fixed control units and portable units. 

8. Procedure according to any of the previous claims, 
characterized in that the synchronization is per- 
formed in relation to the built-in clock of the fixed 
controlunit. 

9. Procedure according to any of the claims 1-7, 
characterized in that the synchronization is per- 
formed in relation to the built-in time structure of the 
time shared system. 
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10. Procedure according to any of the claims 1-7, 

characterized in that the synchronization is per- 
formed in relation to an external clock, for instance 
towards a connected digital network or a digital PA- 
50 BX. 



Claims 



1 . Procedure for radio synchronization of time shared 
wireless telecommunications systems including at 
least two in other respects independent systems 
with each at least one fixed control unit and respec- 
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